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Chapter 1 
General Introduction and Literature Review 
Thesis Organization 
This thesis is organized into four chapters. Chapter one contains a general 
introduction, which includes the research objectives and a literature review on the 
soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), and phenology and 
conservation of aphidophagous natural enemies. Chapter two compares sampling 
methods of natural enemy populations in Iowa soybean, in addition, this community is 
compared to a previous review of natural enemies in Iowa soybean 30 years ago. Chapter 
three reports the benefits of adding an alfalfa cover crop in soybean to enhance 
aphidophagous natural enemies and ultimately decrease A. glycines populations. Chapter 
four is a list of general conclusions from this research and acknowledgments. 
Introduction and Literature Review 
Aphis glycines ecology and biology 
In North America, soybean [Glycine max (L.) Merr.] had escaped the insect pest 
and diseases that were associated with it in its native Asia, as a result, soybean producers 
in the north central region of the United States had a limited need for pest management 
interventions (Fernandez-Cornej o and Jans 1999). Introduction of the soybean aphid, 
Aphis glycines Matsumura (Hemiptera: Aphididae) to North America has resulted in an 
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insect pest of economic importance for soybean. First discovered in the United States in 
July 2000 in Wisconsin and adjoining states, A. glycines is currently distributed in 22 of 
the United States and parts of Canada (Venette and Ragsdale 2004). Aphis glycines were 
first reported in Iowa in 2000 and by 2003 it was found in every county within the state 
(M.E. Rice pers. comm.). In 2003, over 1.6 million hectares were treated with 
insecticides to control A. glycines populations that reached several thousand per plant 
(Pilcher and Rice 2005). Yield reductions have exceeded 50% in grower strip trials and 
an average 14% yield loss (Johnson and O'Neal 2005) has been reported in Iowa when 
populations exceeded an economic threshold of 250 aphids per plant (Rice et al. 2005). 
Aphis glycines have a typical heteroecious holocyclic life cycle. Eggs hatch in 
spring, giving rise to wingless females, which reproduce asexually for up to four 
generations. Depending on the spring, generation three and/or four will produce wings 
and emigrate in search of a secondary host, which for A glycines is typically soybean. 
Under favorable conditions, A. glycines is capable of doubling its population in as little as 
1.5 days resulting in up tol5-18 overlapping generations of wingless and winged morphs 
on soybean (McCornack et al. 2004, Myers et al. 2005). Due to their ability to migrate 
great distances on weather fronts, winged morphs put all soybean fields at risk even areas 
where A. glycines may not over-winter. Later in the growing season a reduction in 
photoperiod and temperature triggers the production of winged males and females, which 
migrate in search of buckthorn Rhamnus spp. Once A. glycines find buckthorn they feed 
and reproduce sexually. These mated females lay eggs and deposit them on buckthorn, 
typically at the base of the bud on which they overwinter (Ragsdale et al. 2004, Wu et al. 
2004, McCornack et al. 2005, Voegtlin et al. 2005). 
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Aphidophagous natural enemies 
In Asia, A.glycines is kept below economically important levels by an array of 
natural enemies (Liu et al. 2004). In North America, Rutledge et al. (2004) found that A. 
glycines is attacked by more than 30 species of predators, eight species of parasitoids and 
several species of fungal pathogens. In addition, Fox et al. (2004 and 2005) found that by 
excluding predators, A. glycines populations increased, yet when predators had access to 
A. glycines, populations remained relatively low. Despite the evidence for biological 
control of A. glycines in the United States A. glycines outbreaks continue to occur across 
much of the north central region, resulting in significant increases in insecticide use 
(O'Neal et al. 2005). For example, following an outbreak in 2003, most of Iowa 
experienced sub-economic populations of A. glycines in 2004 with a 97% reduction in 
insecticide usage in soybean (O'Neal et al. 2005). Aphis glycines populations in 2005 
returned to economic levels, and insecticides were applied on nearly 1 million hectares 
(O'Neal et al. 2005). Although there is evidence for biological control of A glycines 
within the United States, it has not shown to be effective in every year, but management 
of the within-field habitat may improve the effectiveness of biological control in all 
years. 
Disturbance within an agroecosystem frequently results in the loss of habitat and 
alternative prey for beneficial insects. This can lead to a reduction in natural enemy 
diversity and abundance, often contributing to pest outbreaks (Thies et al. 2003). 
Bechinski and Pedigo (1981) found that Iowa soybean contain many natural enemies. 
Fortunately, most of these natural enemies are aphidophagous that may improve the 
biological control of A. glycines. Habitat management has been suggested as an effective 
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approach for conserving natural enemy communities, resulting in improved integrated 
pest management within certain agroecosystems (Gurr and Wratten 1999, Landis et al. 
2000). The extent to which invasive insect herbivores can be managed by conserving 
endemic natural enemies is not clear, given the lack of co-evolved natural enemies from 
the pests' native range. 
Conservation biological control of natural enemies 
Many forms of habitat management are used to increase the abundance and 
diversity of insect natural enemy communities. Multiple variations of conservation strips 
or beetle banks are used to enhance the biological control of aphids and leafhoppers 
(Janice et al. 1996, Bowie et al. 1999, Collins et al. 2001, Weiser et al. 2003). Some are 
as simple as enhancing the border of the field with a perennial flower (Janice et al. 1996), 
whereas, others incorporate strips or banks at set distances throughout the field (Bowie et 
al. 1999, Collins et al. 2001, Weiser et al. 2003). Data in chapter three focuses on the use 
of a cover crop, or a living mulch, which in turn may cascade into greater biological 
control of A. glycines (Costello and Altieri 1995, Hartwig and Ammon 2002, and 
Remund et al. 1992). Unlike a typical cover crop that is killed early in the growing 
season, a living mulch grows concurrently with the crop during the entire season. As a 
management option, cover crops offer several benefits such as reducing soil erosion, 
promoting biological nitrogen fixation and increasing biodiversity (Unger and Vigil 
1998). O'Neal et al. (2005) reported increases in activity of ground beetles (Carabidae) 
when conventionally grown soybean were planted within leguminous living mulches with 
an accompanying increase in sentinel prey removal. Although O'Neal et al. (2005) 
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focused on the edaphic community of general!st predators, Weiser et al. (2003) also 
demonstrated that conserving natural enemies within alfalfa can contribute to the 
management of aboveground insect herbivores. To what extent an increase in the current 
community of aphidophagous natural enemies in Iowa would occur with this practice is 
not clear. Comprised of mostly general!st predators (Bechinski and Pedigo 1981), the 
natural enemy community in soybean may not be sufficiently responsive to A. glycines to 
reduce their establishment and population growth. 
Objectives 
In the summer of 2004 and 2005 I studied soybean aphid, Aphis glycines 
phenology and conservation of aphidophagous natural enemies in soybean Glycine max 
(L ). The objectives were: 
Chapter two objectives: 
1) Determine how the diversity and abundance of the natural enemy 
community in Iowa soybean has changed with the arrival of A. glycines. 
• Compare the current natural enemy community to the last extensive survey 
conducted in Iowa nearly 30 years ago. 
• Determine what aphidophagous natural enemies are present in soybean. 
• Determine how the foliage dwelling natural enemy community varies by 
sampling method. 
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Chapter three objectives: 
2) Determine if natural enemies delay A. glycines establishment and limit 
subsequent population growth in Iowa. 
3) Determine if biological control of A. glycines could be improved through an 
alfalfa living mulch. 
Three future goals in the Iowa State University soybean entomology lab are 1) 
determine which aphidophagous natural enemies are most important for regulating A. 
glycines 2) develop a sampling protocol for natural enemies that will allow farmers to 
determine the abundance of A. glycines based on the density of one or more natural 
enemies and 3) develop a conservation biological control program, that will increase the 
presence of natural enemies and maintain A. glycines populations below economic 
thresholds. Data presented in Chapters two and three provides insight that will help guide 
the soybean entomology lab to accomplish these goals. 
Chapter two provides: 
• A detailed list of the natural enemy community present in soybean and whether or 
not they are aphidophagous. 
• The ability to compare phenologies of A.glycines and aphidophagous natural 
enemies, in order to determine what is or are key natural enemies. 
• Information as to which sampling method is the most effective and precise for 
collecting a specific aphidophagous natural enemy. 
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Chapter three provides: 
• Insight into alfalfa and its ability to enhance the natural enemy community in 
soybean as a living mulch. 
• Information as to whether the existing natural enemy community is capable of 
maintaining A. glycines below economically damaging levels. 
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Chapter 2 
Comparison of sampling methods on natural enemy populations in Iowa soybean 
A paper to be submitted to Annals of the Entomological Society of America 
Nicholas P. Schmidt1'2, and Matthew E. O'Neal1 
Abstract 
In Iowa, surveys of natural enemies in soybean [Glycine max (L.) Merr.] 
conducted before the arrival of Aphis glycines Matsumara (Hemiptera: Aphididae) 
revealed several species that may contribute to the mortality of A. glycines. Several 
sampling methods were investigated to determine if diversity of the natural enemy 
community in Iowa soybean has changed with the arrival of A. glycines. Abundance of A. 
glycines varied greatly between the two years (2004 - 2005) when samples were taken. 
Natural enemies were collected using five methods including pitfall traps, field-counts, 
destructive counts, sweep-net sampling, and yellow-sticky cards. When all predaceous 
arthropods were combined across all sampling methods, nine orders were identified, 
comprised of 25 families and 51 species. In comparison to a similar study conducted 
nearly 30 years ago, there were fewer native coccinellids with the most abundant 
coccinellids the exotic Coccinella septempunctata L. and Harmonia axyridis (Pallas) 
(Coleoptera: Coccinellidae). Combining all foliar-based sampling methods reveal a 
community comprised of four aphidophagous taxa; Toxomerus spp., H. axyridis, Orius 
insidiosus (Say), and Chrysoperla spp., accounting for over 94% of the total captured. 
Differences in the natural enemy community occurred across the four foliar-based 
sampling methods used in this study. In both years destructive counts collected only six 
species with more species found in field-counts, sweep-net and yellow-sticky cards. 
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Sweep-net and yellow-sticky cards collected more agile life-stages and species as 
expected from sampling methods that rely on the activity/density of insects to be 
effective. Our data suggest that absolute methods like destructive and field-counts may 
underestimate the contributions of these mobile predators to A. glycines mortality. 
KEYWORDS: soybean aphid, invasive species, predators 
Introduction 
Suppression of Aphis glycines by endemic natural enemies in North America 
provides evidence that biological control of A glycines may be possible (Fox et al. 2004, 
Liu et al. 2004, Costamagna and Landis 2006). Soybean grown in North America contain 
an array of natural enemies including Orius insidosus and Harmonia axyridis which prey 
upon A. glycines (Rutledge et al. 2004, Fox et al. 2005). Unlike other aphid-natural 
enemy systems (Snyder and Ives 2003), there is little evidence that parasitoids play any 
role in regulating A. glycines populations (Landis et al. 2004, Fox et al. 2004, 2005). 
Rather, communities of predators often with broad host ranges have been found to limit 
A. glycines outbreaks. It has been suggested that in agricultural systems where natural 
enemies play an important role in suppressing an economic pest, integrated pest 
management (IPM) programs should account for this pre-existing control when 
management decisions are made (Costamagna and Landis 2006). Therefore, 
incorporating this top down regulation from predators will require improved 
understanding of their seasonal population dynamics and community structure and how 
these relate to A. glycines outbreaks. 
14 
Twenty-two years before the arrival of A glycines, Bechinski and Pedigo (1981b) 
found that Iowa soybean contained many natural enemies that may now contribute to the 
mortality of A. glycines. This includes natural enemies such as Nobis spp., 0. insidious, 
Chrysopa spp., and some native coccinellids, all of which have been observed to feed on 
A. glycines (Rutledge et al. 2004). Recently several invasive insects have been found in 
Iowa soybean, such as Aphis glycines, Coccinella septempunctata and Harmonia 
axyridis. The occurrence of invasive coccinellids like H. axyridis and C. septempunctata 
may cause adverse effects on non-target native coccinellid species (Alyokhin & Sewell 
2004, Evans 2004, Hoogendoorn & Heimpel 2004, Yasuda et al. 2004). Before the arrival 
of H. axyridis and C. septempunctata, the native coccinellid community in Iowa soybean 
included eight species, and to what extent these new coccinellids have impacted this 
community in Iowa is not clear. Despite this pre-existing community of natural enemies, 
A. glycines outbreaks have continued in Iowa (O'Neal 2006). 
Despite the potential temporal changes in the soybean natural enemy community 
in Iowa, natural enemy populations are present at different times of the year and grow in 
response to numerous abiotic and biotic factors, making them difficult to predict without 
sampling. Selecting the appropriate sampling method(s) is important, but often are 
chosen arbitrarily. Bechinski and Pedigo (1982) compared sweep-net, plant shake, cut-
and-bag, and vacuum net procedures to analyze the predatory arthropod community in 
soybean. These methods were selected due to a lack of research in sampling precision 
and cost, in comparison to absolute sampling methods, with the objective to identify the 
superior method for sampling predatory arthropods in soybean (Bechinski and Pedigo, 
1982). Recently sampling plans have been developed to incorporate the natural enemy 
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community associated with economic pests (Zhang 2006). Such plans enable growers to 
determine the contribution of natural enemies to the biological control of target pests and 
factor this contribution into management decisions (Musser et al. 2004). Creating such 
sampling plans requires knowledge of the biology and life history traits of the natural 
enemy community. 
Several sampling methods were investigated to determine how the diversity and 
abundance of the natural enemy community in Iowa soybean has changed with the arrival 
of A. glycines. The objectives were: 1) to compare the current natural enemy community 
to the last extensive survey conducted in Iowa 28 years ago; 2) determine what known 
aphidophagous natural enemies are present; and 3) how does the foliage dwelling natural 
enemy community vary by sampling method. The communities were sampled during a 
two-year period (2004 and 2005), providing a comparison of the natural enemy numerical 
response when A. glycines abundance greatly varied. 
Methods and Materials 
To accomplish the objectives, three locations were selected in Iowa that 
represented varying levels of risk to A. glycines outbreaks (Fig. 1). Since its arrival in 
2000, aphid outbreaks have consistently occurred in the Northern third of Iowa, with 
limited outbreaks occurring in the southern third of the state (O'Neal 2006). In 2004, 4 
replicated plots 0.01 ha in size were located in Floyd and Story counties, IA. In Floyd 
County, soybean (NK S24-K4 RR) was planted on 6 May at a rate of 432,000 seeds ha"1 
in 76 cm rows using no-till production practices. In Story County, soybean variety 
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(Prairie Brand 2494) was planted on 11 May at a rate of 396,000 seeds ha"1 in 76 cm rows 
using conventional tillage practices. 
In 2005, 4 replicated plots 0.4 ha in size were located in Floyd, Lucas, and Story 
counties, IA. In all locations glyphosate tolerant soybean varieties (Crows 2130 RR at 
Floyd County, Prairie Brand 2183 at Story County, and S tine 3532-4 RR at Lucas 
County) were planted at rates ranging from 408,000 to 432,000 seeds per ha. Both Floyd 
and Lucas counties utilized no-till production techniques, whereas Story County used a 
conventional tillage practice. 
Natural enemies were collected using five methods described below. These were 
selected to model approaches used previously (Bechinski and Pedigo, 1982). This 
included field-counts {in situ sampling), destructive counts, sweep-net sampling, and 
pitfall traps. To focus our sampling effort on components of the community most likely 
to respond to A. glycines we included yellow-sticky cards to collect more agile natural 
enemies like adult coccinellids and syrphids. 
Data analysis. All A. glycines and natural enemy sampling was conducted once per week 
at each site, except in 2004 where yellow-sticky cards and pitfalls were sampled once per 
month. Contents obtained from all sampling methods were bagged and stored at -20° C 
All natural enemies collected were sorted and identified to at least the family level except 
for 0. insidiosus, Podisus maculiventris (Say),Coccinellidae, and Carabidae, which were 
identified to species. Both adult and immature stages of natural enemies were counted 
and voucher specimens were deposited in the Iowa State Insect Collection, at Iowa State 
University, Ames, IA. 
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Field-counts. The sample unit consisted of ten consecutive plants randomly selected, 
using a random number table, from the interior rows of a soybean plot. Consecutive 
plants were examined to minimize the amount of time locating plants; in addition, it was 
more efficient to account for trivial movement of natural enemies among plants. All 
natural enemies were identified and counted on ten consecutive plants from top to 
bottom. The counts from all ten plants were pooled. Counts were taken from 15 June to 
13 September 2004 and 2 June to 5 September 2005. 
Destructive counts. The sample unit consisted of (2 in 2004 and 5 in 2005) randomly 
selected plants from the interior rows of a soybean plot. Plants were cut at soil surface, 
carefully removed from the row, and quickly placed in a plastic bag. Some actively flying 
predators flew away but most remained attached to the plant or fell into the bag during 
sampling. The counts from plots were pooled. Destructive counts were taken from 7 July 
to 13 September 2004 and 2 June to 5 September 2005. 
Sweep-net The sample unit consisted of 20 continuous pendulum sweeps taken from a 
random location in the interior rows of a soybean plot. Also, sampling varied between the 
person sweeping so a "sweeper" was selected for each day and attempted to remain the 
same for each week. In addition, the sweeper made sure to select a row that did not have 
field or destructive counts taken from them. Sweep-net samples were collected from 7 
July to 13 September 2004 and 27 June to 5 September 2005. 
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Yellow-sticky cards. The sample unit consisted of two unbailed yellow-sticky cards (27 
by 45 cm folded in half so it was sticky on both sides) (Pherocon AM, Trécé, Inc. Adair, 
OK). Each yellow-sticky cards were placed one-third (of the total distance) from each 
end of the plot and mounted on a wooden stake so the bottom of card was directly above 
the soybean canopy. Yellow-sticky cards were deployed from 7 July to 30 August 2004 
and 2 June to 5 September 2005. In 2004 yellow-sticky cards were deployed for seven 
days once per month from June to August. In 2005, yellow-sticky cards were also 
deployed for seven days, but sampling was conducted four times per month from June to 
August. 
Pitfalls. The sample unit consisted of two 0.91 cups (Sweetheart Cup Co. Inc., Owings 
Mills, MD) stacked to make one pitfall trap. The bottom cup was drilled with four holes 
to drain moisture in the ground and prevent cup removal. Holes were dug with a lever 
action hole-cutter (Reliable Golf Course Supplies, Queensbury, NY) and cups were fitted 
to the hole so the top was level with the ground. After placing cups in the hole, 118-177 
ml of propylene glycol (RV & Marine Antifreeze, Fox Packaging County, St. Paul, MN) 
was added to kill and preserve predaceous arthropods. Contents were removed with a 7.6 
cm strainer and bagged. In 2004, pitfalls were deployed for seven days, once per month 
from June to August. In 2005, pitfalls were also deployed for seven days, but sampling 
was conducted four times per month from June to August. 
Aphis glycines. In 2004 A. glycines populations were established by counting all aphids 
on ten consecutive plants druing field-counts. However in 2005, in order to reduce the 
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amount of time spent on an individual plant and ultimately minimize the number of 
natural enemies emigrating off a plant, A. glycines populations were obtained by counting 
all aphids from the five destructive counts. 
Descriptive statistics. To determine if the total number of natural enemies differed 
between years, sites and methods, sampling data were transformed using a natural log of 
0.2 to meet the assumptions of ANOVA (Sokal and Rohlf 1995). For this comparison the 
Lucas County site, which was added in 2005, was not included in the analysis. 
Furthermore, five destructive sub-samples were taken in 2005 instead of two in 2004; 
therefore 2005 destructive data were standardized in order to make it comparable. In 
addition, yellow-sticky cards were only sampled at three dates in 2004 (6 July, 3 and 28 
August), so only comparable dates were used from 2005 data. To test the impact of years, 
a split-plot ANOVA was used with year as the whole plot factor, and the date and 
location factorial as the split factor (PROC GLM, SAS Institute 2002). 
To determine if there was an effect among sites in sampling methods, the total 
number of natural enemies from 2004 and 2005 were transformed using a natural log of 
0.2 to meet the assumptions of ANOVA (Sokal and Rohlf 1995). Both 2004 and 2005 
were analyzed independently of each other with ANOVA. To test for a difference among 
sites, the model used was a randomized complete block design with site and method as 
two fixed factors (PROC GLM, SAS Institute 2002). Also, least squares means were 
estimated with the 2005 data in order to compare the three sites. 
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Community and sampling-method. An ordination analysis, specifically nonmetric 
multidimensional scaling (NMDS) was used to compare the natural enemy community 
collected across the four sampling methods. NMDS summarizes relationships between all 
pairs of species data and represents it in multiple dimensions as distances, so the closer 
two points are, the more similar they are (Kenkel and Orlôci, 1986). The four sampling 
methods greatly varied in sampling effort, therefore the Horn-Mori si ta distance measure 
was used, which is independent of the size of the sampling unit (Anderson et al. 2005). 
Natural enemy totals for all sampling methods were analyzed with NMDS for each 
month and year using the statistical software R (R Development Core Team, 2005). 
To estimate the level of precision inherent in each sampling method, the relative 
variation (RV = standard error/mean) was used. Larger RV values indicate a lower level 
of precision, in addition to the difficulty of accurately estimating low densities of natural 
enemies with a limited number of samples. 
Results and Discussion 
Survey of Natural Enemy Community 
When all predaceous arthropods are combined across the five sampling methods 
nine orders were identified, comprised of 25 families and 51 species (Table 1). This 
includes two non-insect arthropod orders; Araneae and Opiliones. From the foliage 
dwelling natural enemies, we only identified known aphidophagous taxa to species. 
Although, Chrysoperla spp. are aphidophagous, there contribution to suppressing aphid 
populations is considered limited (Rosenheim et al. 1993). Therefore, I did not identify 
Chrysoperla beyond the genus level. In addition, to best compare the ground dwelling 
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community to Bechinski and Pedigo (1981b), we identified all carabidae to species as 
well. There were many similarities and discrepancies in the species collected from 2004 
and 2005 to Bechinski and Pedigo (1981b). In 2004 and 2005 I did not collect the 
coccinellids: Coccinella transversoguttata, Hyperaspis undulata, and Scymnus spp., and 
the carabids: Bembidion variegatum, Calosoma calidum, Colliuruspennsylcanicus, 
Evarthrus alter nans, Harpalus erythropus, Lebia grandis, Lebia viridis, Microlestes 
linearis, Notiophilus semistriatus, and Tachys anceps. Bechinski and Pedigo (1981b) did 
not collect the coccinellids: Anatis quindecimpunctata, and the two recent invasives 
Harmonia axyridis, and Coccinella septempuctata, in addition to the carabids: Acupalpus 
spp., Anisodactylus harissii, A. rusticus, Calathus gregarious, Clivina bipustulata, C. 
impressifrons, Cyclotracheus sodalis, C. seximpressus, Dicaelus elongates, Harpalus 
herbivagus, Leptotrachelus dorsalis, Pterostichus femoralis, Stenolophus comma, S. 
lecontei, S. ochropezus, and S. chropezus. 
When all foliar-based sampling methods are combined (Table 2) the natural 
enemy community is comprised of four aphidophagous taxa; Toxomerus spp., Harmonia 
axyridis, Orius insidiosus, and Chrysoperla spp., accounting for 96.4% in 2004 and 
94.4% in 2005 of the total captured (Table 2). In contrast the Carabidae dominated the 
ground dwelling community, followed by Harmonia axyridis, Araneae and Opiliones; 
totaling 91.3% in 2004 and 96.8% in 2005 (Table 3). Of all the coccinellids collected 
only C. septempunctata, C. maculata, H. axyridis, and H. convergens are reported to feed 
on A. glycines (Rutledge et al. 2004). Of the carabids, C. sodalis was the most commonly 
observed followed by P. lucublandus, P. permundus, P. chalcites, S. quadriceps, H. 
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pensylvanicus, and carabid larvae (Table 3). Poecilus lucublandus is the only reported 
carabid that has been observed to feed on A. glycines (Rutledge et al., 2004). 
Aphis glycines Abundance 
In 2004 and 2005, A. glycines arrived during the first week of July in all sites but 
Floyd County in 2004, where A. glcyines did not arrive until the first week of August. 
The abundance of A. glycines varied between the two years, in 2005 populations were 
above the economic threshold of 250 aphids per plant (O'Neal 2006), in contrast in 2004, 
populations peaked at 36 aphids per plant averaged over the two sites (Fig. 2). In 2004 
aphids peaked at 64 + 13 and 7+1 aphids per plant at Story and Floyd counties (Table 
4). In contrast, 2005 study sites ranged from 336 + 138, 741 + 316, and 71 + 25 aphids 
per plant at Story, Floyd, and Lucas counties (Table 4). 
Natural Enemy Abundance 
Correlated with the year-to-year variation in A. glycines abundance was nearly a 
2-fold increase in natural enemy abundance from 2004 (1,099) to 2005 (1,919 adjusted 
from 4,194 to account for increased sampling effort; Table 5). A significant difference in 
natural enemy abundance was observed (F=7.68, 1,179 df, P<0.0062) among sample 
dates (6 July, 3 and 28 August) for all sampling methods between years. Although a 
significant increase was observed in natural enemy abundance from 2004 to 2005 for 
destructive counts (F=l7.07, 1,33 df, f <0.0002), and marginally significant for field-
counts (F=3.94, 1,31 df, f<0.0560). There was no difference observed for sweep-net 
(F= 3.22, 1,31 df, f<0.0823) and yellow-sticky cards (F=0.11, 1,30 df, P<0.747). 
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To account for the variability among sites, 2004 and 2005 data were analyzed by 
sampling method. In 2004, there was a significant difference between the two sites for all 
all sampling methods (destructive, F= 5.6, 1,35 df, P<0.0236, field-counts, F=13.42, 1,41 
df, f <0.0007, sweep-net, F=8.92, 1,30 df, P<0.0056, and yellow-sticky cards, F=25.98, 
1,9 df, P<0.0006). In 2005, a third site was added and LSMean values are reported in 
(Table 4). Significant differences were only found in destructive and yellow-sticky cards 
amongst the three sites in 2005. 
Comparison of Sampling Methods 
In general, we observed significant differences in the natural enemy community 
across the four foliar-based sampling methods used in this study. In 2004 and 2005, 
destructive counts collected the same six species with consistently more species found in 
field-counts, sweep-net and yellow-sticky cards. Sweep-net and yellow-sticky cards 
collected more agile species and life stages of certain species as expected from sampling 
methods that rely on the activity and density of insects to be effective. 
An empirical study like this that describes a community cannot address whether 
the more agile natural enemies, like the adults of coccinellids, chrysopids and nabids, 
make a significant contribution to A. glycines prédation. However it is interesting to note 
that C. septumpunctata was not observed in any destructive counts and in 2005 only 2 
were observed in field-counts, yet 78 were observed on yellow-sticky cards. Also, H. 
convergens was only found on yellow-sticky cards (Table 5). Coccinella septumpunctata 
is attracted to methyl salicylate a volatile produced by soybean after insect herbivory 
(Zhu and Park 2005). It is not clear if these coccinellids are responding to low, highly 
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dispersed populations of A. glycines. However, data presented here suggest that absolute 
methods like destructive and field-counts may underestimate the contributions of these 
mobile predators. 
NMD S was used to further illustrate how sampling influenced the natural enemy 
community. In 2004 and 2005 data were analyzed separately and together; moreover, 
data were analyzed by month. Overall, 2004 and 2005 figures were very similar; 
therefore, the combined data are reported (Fig. 4a, 4b, 4c,and 4d). The arrangement of 
hulls, which represent sampling methods, appear to be consistent for June, July, August, 
and seasonal total, regardless of A glycines populations. The overlapping hulls indicate 
that the natural enemy community observed in the destructive and field-counts were very 
similar. In contrast, hulls representing yellow-sticky cards and destructive counts did not 
overlap; therefore, indicating that they collect very different natural enemy communities. 
In addition, field-counts and sweep-net, and yellow-sticky cards and sweep-net also have 
some similarities due to overlapping hulls. 
Conclusions 
In summary, we observed a community of natural enemies in Iowa soybean 
dominated by aphidophagous predators. In comparison to similar study conducted nearly 
30 years ago, there were fewer native coccinellids with the most abundant coccinellids 
the exotic C. septempuncata and H. axyridis. During the growing season, native 
coccinellids were most abundant before the arrival of the exotic species in June, in 
contrast non-native coccinellids were more abundant in August and September (Fig. 5). 
Other studies have reported a decrease in the native coccinellid community primarily due 
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to C. septempunctata and H. axyridis altering the dynamics of prey availability (Alyokhin 
and Sewell 2004, Evans 2004). Data in this study also confirms a loss of native 
coccinellids. Coccinella transversoguttata and Hyperaspis undulata are native 
coccinellids that were observed in 1977 and 1978 but not in 2004 or 2005. 
Many differences among sampling methods were revealed over the two years of 
this study. Field and destructive counts did an excellent job of collecting eggs, pupae, 
larvae, and nymphs of natural enemies and adult O. insidiosus, however, it was less 
effective at observing adults of the more active crawling and flying natural enemies such 
as adult coccinellids and syrphids. The sweep-net collected the more active natural 
enemies that field and destructive methods missed such as adult coccinellids, syrphids, 
parasitic wasps, and Araneae, however, it was less effective at collecting O. insidiosus 
(both adult and nymphs). Yellow-sticky cards collected the most natural enemies but it is 
known that escape from yellow-sticky cards can be high for some coccinellid species, 
specifically H. axyridis (Stephens and Losey 2004). Despite these losses Stephens and 
Losey (2004) found yellow-sticky cards collected significantly more coccinellids than 
sweep-nets and field-counts. In corn, Musser et al. (2004) found yellow-sticky cards to be 
unreliable because immigration of C. maculata was greatest before pollen was available, 
which led to an increase in catch. In addition, C. maculata, which were abundant 
throughout the summer, were never collected during the milk stage because adults were 
newly emerged (Musser et al. 2004). They suggest that field-counts were the most precise 
sampling method for monitoring the three major predators in New York (O. insidiosus, C. 
maculata, and H. axyridis (Musser et al. 2004). 
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There have been a number of studies demonstrating that the existing predator 
community, specifically H. axyridis and 0. insidiosus suppress A. glycines populations in 
soybean (Fox et al. 2004, Mignault et al. 2006, Rutledge et al. 2004). Orius insidiosus has 
been found to suppress A. glycines populations for up to 12 days (Rutledge and O'Neil, 
2005). In addition, O. insidiosus comprised 85-90% of predators found in Tippecanoe 
County, Indiana resulting in a significant negative relationship between aphid growth and 
O. insidiosus abundance (Desneux et al. 2006). Based on fitness, a study in Canada found 
that A. glycines are an excellent prey for H. axyridis (Mignault et al. 2006). Further study 
of A. glycines population dynamics will likely include estimating the contribution that 0. 
insidiosus and H. axyridis play in suppressing outbreaks. Based on relative variation the 
most precise sampling method for adult O. insidiosus was field-counts (RV=1.2 in 2004 
and 0.9 in 2005); in contrast the most precise method for nymph O. insidiosus was 
destructive counts (RV=1.2 in 2004 and 1.0 in 2005) (Table 6). Moreover, Bechinski and 
Pedigo (1981a) found the most precise sampling method for adult and nymph O. 
insidiosus to be plant-shake samples. The most precise method for sampling H. axyrids 
adults was yellow-sticky cards (RV=0.7 in 2004 and 0.9 in 2005), followed by sweep-net 
samples (RV=1.4 in 2004 and 1.2 in 2005; Table 6). In addition, all other coccinellids 
were most precisely collected with yellow-sticky cards (RV=0.7 in 2004 and 0.9 in 2005) 
(Table 6). Future efforts to incorporate the abundance of these natural enemies for 
management of A. glycines should consider the inherent variability across the sampling 
methods studied here. 
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Table 1 Natural enemiesa collected from Iowa soybean fields in 2004 and 2005 
HEMIPTERA 
Anthocoridae 
Orius insidiosus (Say) 
Nabidae 
Nobis spp. 
Pentatomidae 
Podisus maculiventris (Say) 
COLEOPTERA 
Cicindellidae 
No further identification 
Coccinellidae 
Anatis quindecimpunctata Olivier 
Brachyacantha ursina F. 
Coccinella septempuctata L. 
Coleomegilla maculata (DeGeer) 
Cycloneda munda (Say) 
Harmonia axyridis (Pallas) 
Hippodamia convergens Guerin-Meneville 
Hippodamiaparenthesis Say 
Hippodamia tredecimpunctata L. 
Carabidae 
Acupalpus spp. 
Agonum cupripenne (Say) 
Agonum placidum (Say) 
Anisodactylus harrissii LeConte 
Anisodactlyus rusticus (Say) 
Anisodactylus sanctaecrusis (F.) 
Amara apricaria 
Amara obesa (Say) 
Bembidion quadrimaculatum oppositum Say 
Bembidium rapidium (LeConte) 
Calathus gregarius (Say) 
Chlaenius platyderus Chaudoir 
Chlaeniuspusillus Say 
Chlaenius tomentosus (Say) 
Chlaenius tricolor Dejean 
Clivina bipustulata F. 
Clivina impressifrons LeConte 
Cyclotrachelus seximpressus (LeConte) 
Cyclotrachelus sodalis (LeConte) 
Dicaelus elongates Bonelli 
Elaphropus spp. 
Galerita janus (F.) 
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Table 1 continued 
Carabidae 
Harpalus caliginosus (F.) 
Harpalus herbivagus Say 
Harpalus pensylvanicus (DeGeer) 
Leptotrachelus dor sali s F. 
Poecilus chalcites (Say) 
Pterostichus femoralis (Kirby) 
Poecilus lucublandus (Say) 
Pterostichus permundus (Say) 
Scarites quadriceps (Chaudoir) 
Stenolophus comma (F.) 
Stenolophus lecontei (Chaudoir) 
Stenolophus ochropezus (Say) 
Stroluphus chropezus 
Staphylinidae 
No further identification 
NEUROPTERA 
Chrysopidae 
Chrysoperla spp. 
Hemerobiidae 
No further identification 
HYMENOPTERA 
DIPTERA 
Dolichopodidae 
Condylostylus sipho (Say) 
Syrphidae 
Toxomerus spp. 
ARANEAE 
Dictynidae 
Linyphiidae 
Lycosidae 
Philodromidae 
Salticidae 
Tetragnathidae 
Theridiidae 
Thomisidae 
OPILIONES 
aNatural enemies collected from destructive, field-counts, sweep-net, yellow-sticky 
cards and pitfall traps. 
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Table 2 Abundance of the predominant foliage dwelling natural enemies collected in 
Iowa soybean during 2004 and 2005 
Natural enemies" % of total natural enemies 
Order/Family Species 1977* 1978* 2004 2005 
COLEOPTERA 
Coccinellidae Harmonia axyridisc - - 27.4 18.2 
Coccinella septempunctatac 
- -
1.6 2.3 
Total native6' 3.0 0.8 2.5 7.6 
Total immatures - - 4.7 2.4 
DIPTERA 
Syrphidae Toxomerus spp. - - 27.0 34.2 
Toxomerus spp. immatures - - 1.0 2.1 
HEMIPTERA 
Anthocoridae Orius insidiosus 58.8 25.0 21.5 12.4 
Nabidae Nabis spp. 22.9 38 9 0.7 2.5 
NEUROPTERA 
Chrysopidae Chrysoperla spp. 1.8 1.2 2.6 10.9 
Chrysoperla spp. immatures 
- -
1.0 0.3 
ARANEAE 7.1 28 6 6.4 1.5 
Total 98.4 95 J 96.4 94.4 
a Natural enemies collected by destructive, field-counts, sweep-net, and yellow sticky 
cards. 
b Data collected by Bechinski and Pedigo (1981). 
c A coccinellid not native to the United States. 
d Coccinellid species native to Iowa: Anatis quindecimpunctata, Brachyacantha ursina, 
Coleomegilla maculata, Cycloneda munda, Hippodamia convergens, Hippodamia 
parenthesis, 
Hippodamia tredecimpunctata. 
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Table 3 Abundance of the predominant ground dwelling predators collected by pitfall 
traps in Iowa soybean during 2004 and 2005 
Predators % of total predators 
Order/Family Species 2004 2005 
COLEOPTERA 
Carabidae C. sodalis 23.1 42.2 
P. lucublandus 16.1 3.4 
P. permundus 2.9 13.6 
P. chalcites 3.6 9.0 
S. quadriceps 1.7 4.3 
H. pensylvanicus 2.6 0.6 
Immatures 4.3 0.6 
Coccinellidae Harmonia axyridis 19 0 0.3 
ARANEAE 11.0 7.0 
OPILIONES 7.0 15.8 
Total 913 96.8 
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Table 4 Peak Aphis glycines and natural enemies collected from all locations in 2004 and 
2005 
County A. glycinesa Destructive130 Field-counts^ Sweep-netbe Yellow-
stickybf 
2004 
Floyd 7 ±0.7 1.3± 1.1 B 1.1±0.8B 1.2+1.1 B 25.8 ±8.5 A 
Story 64 ±13 6.2 ±7.1 A 4.0 ±2.2 A 4.0 + 3.6 A 14.8 ± 5.8 B 
2005 
Floyd 741 ±316 8.0 ±5.8 A 6.2 ±6.6 A 7.3+4.8 A 20.1 ±7.1 A 
Story 336+ 138 6.2 ±3.7 A 3.9 ±2.9 A 4.3+2.1 A 17.7 ±4.9 A 
Lucas 71 ±11 2.5 ± 3.1 B 5.2 ±3.8 A 2.8+ 1.4 A 12.2 ± 5.4 B 
a Peak mean A. glycines per location ± standard error of mean. In 2004 aphid counts were 
collected from 10 field-counts and in 2005 from 5 destructive counts. 
b LSMEANS between sites in a year (2004; 1, 58 df, f<0.05 and 2005; 2, 82 df, f<0.05). 
In 2004 the sample unit was two plants per plot and in 2005 five plants per plot. 
In 2004 and 2005 the sample unit was ten plants per plot. 
e In 2004 and 2005 the sample unit was twenty pendulum sweeps per plot. 
f In 2004 and 2005 the sample unit was two yellow-sticky cards per plot. 
d 
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Table 5 Total natural enemies collected by destructive, field-counts, sweep-net, and 
yellow-sticky card sampling methods in Iowa soybean from 2004 and 2005 
Sampling Methods 
Species by year Destructive Field-count Sweep-net Yellow-sticky Total 
2004 
Harmonia axyridisa 157 25 51 181 414 
Toxomerus spp.b 13 12 8 220 253 
Orius insidiosus'1 70 60 56 0 186 
Chrysoperla spp b 24 54 10 20 108 
Araneae6 10 21 24 4 59 
Parasitic wasp0 0 1 8 33 42 
Coccinella seplempuclala 0 0 1 13 14 
Podisus maculiventrisc 2 1 3 0 6 
Nabis spp.d 0 0 6 0 6 
Cycloneda mundct 0 0 0 3 3 
Hemerobiidae6 0 3 0 0 3 
Hippodamia parenthesise 0 0 0 2 2 
Coccinella maculata^ 0 0 0 1 1 
Hippodamia convergent 0 0 0 1 1 
Brachyacantha ursinae 0 0 0 1 1 
2004 Totals 276 177 167 479 1099 
2005 
Toxomerus spp b 36 78 26 1153 1293 
Harmonia axyridisa 169 136 186 454 945 
Chrysoperla spp b 112 71 52 350 585 
Orius insidiosus'1 276 230 57 2 565 
Hippodamia convergent 0 0 0 172 172 
Podisus maculiventrisc 37 77 40 0 154 
Parasitic waspe 0 0 5 124 129 
Nabis spp.d 0 4 85 0 89 
Coccinella seplempuclala 0 2 2 78 82 
Araneae6 7 6 28 17 58 
Cycloneda munckf 0 1 3 37 41 
Coccinella maculata^ 0 0 5 33 38 
Hippodamia parenthesise 0 0 0 15 15 
Hemerobiidae6 0 1 0 12 13 
Opiliones6 0 3 2 0 5 
Anatis quindecimpunctatae 0 0 0 5 5 
Brachyacantha ursinae 0 0 0 4 4 
Hippodamia tredecimpunctata e 0 0 0 1 1 
2005 Totals 637 609 491 2457 4194 
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Table 5 continued. 
a The species total includes eggs, larvae, pupae and adults. 
b The species total includes eggs, larvae and adults. 
c The species total includes eggs, nymphs and adults. 
d The species total includes nymphs and adults. 
e The species total only includes adults. 
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Table 6 Mean seasonal density and (relative variation, RV=standard error/mean) for 
samples of natural enemies in Iowa soybean from 2004 and 2005 
0. insidiosus H. axyridis Native coccinelidsa 
Method nymph adult adult larvae adult 
2004 
Field 0 .28 (1.5) 0 .28 (1.2) 0 10 (2.5) 0.08 (2.8) - -
Destructive 0 .61 (1.2) 0 14 (1.4) 0 01 (4.8) 0.27 (3.3) - -
Sweep 0 .13 (2.9) 0 .50 (1.3) 0 .49 (1.4) 0.08 (24)  0 01 (47)  
Yellow-sticky - - - - 7. .54 (0.7) - - 0 88 (0.7) 
2005 
Field 0 .92 (1.0) 0 .48 (0.9) 0 10 (2.6) 0.41 (5.7) 0 .02 (3.7) 
Destructive 1 31 (1.0) 0 .36 (1.1) 0 .07 (1.9) 0.29 (3.2) - -
Sweep 0 .04 (47)  0 .45 (1.8) 1 59 (1.2) 0.01 (10.8) 0 .07 (2.1) 
Yellow-sticky - - 0 01 (6.4) 2. .73 (0.9) 0.04 (7.3) 2. 10 (0.9) 
a All native coccinellids collected, excluding Harmonia axyridis and Coccinella 
septempunctata. 
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Figure Legends 
Figure 1. Map of Iowa indicating sampling sites in Floyd, Lucas, and Story counties. 
Figure 2. Mean Aphis glycines ± SEM of all locations in Iowa by year. 
Figure 3. Mean aphidophagous predators ± SEM from all sampling methods in all 
locations in Iowa by year. 
Figure 4. Representation of the natural enemy community by nonmetric multidimensional 
scaling across four separate sampling methods from 2004 and 2005 data combined for a) 
June, b) July, c) August and d) seasonal total. 
Figure 5. Mean native and non-native coccinellids + SEM from all sampling methods in 
2004 and 2005. 
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Chapter 3 
Alfalfa living mulch advances biological control of soybean aphid 
A paper accepted by Environmental Entomology (August 2006) 
Nicholas P. Schmidt1'3, Matthew E. O'Neal1, and Jeremy W. Singer2 
Abstract 
Despite evidence for biological control in North America, outbreaks of the 
invasive soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae) continue to 
occur on soybean [Glycine max (L.) Merr.]. Our objectives were to determine if natural 
enemies delay aphid establishment and limit subsequent population growth and if 
biological control can be improved by altering the within-field habitat. We hypothesized 
that a living mulch would increase the abundance of the aphidophagous community in 
soybean and suppress A glycines establishment and population growth. We measured 
natural enemy and A. glycines abundance in soybean grown with and without an alfalfa 
(.Medicago sativa L.) living mulch. Soybean grown with an alfalfa living mulch had 45% 
more natural enemies and experienced a delay in A. glycines establishment that resulted 
in lower peak populations. From our experiments we conclude that the current natural 
enemy community in Iowa can delay A glycines establishment, and an increase in 
aphidophagous predator abundance lowered the rate of A. glycines population growth 
preventing economic populations (i.e. below the current economic threshold) from 
occurring. Incorporation of a living mulch had an unexpected impact on A. glycines 
population growth, lowering the aphids' intrinsic rate of growth, thus providing a bottom-
up suppression of A. glycines. We suggest future investigation of living mulches or cover 
crops for A glycines management should address both potential sources of suppression. 
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Furthermore, our experience suggests that more consistent biological control of A. 
glycines may be possible with even partial resistance that slows but does not prevent 
reproduction. 
KEYWORDS: invasive species, habitat management, natural enemies, conservation 
Introduction 
Disturbance within an agroecosystem frequently results in the loss of habitat and 
alternative prey for beneficial insects. This can lead to a reduction in natural enemy 
diversity and abundance, often contributing to pest outbreaks (Thies et al. 2003). Habitat 
management has been suggested as an effective approach for conserving natural enemy 
communities, resulting in improved integrated pest management within certain 
agroecosystems (Gurr and Wratten 1999, Landis et al. 2000). The extent to which 
invasive insect herbivores can be managed by conserving endemic natural enemies is not 
clear, given the lack of co-evolved natural enemies from the pests' native range. 
In North America, soybean [Glycine max (L.) Merr.] had escaped the insect pest 
and diseases that were associated with it in its native region Asia. As a result, soybean 
producers in the north central region of the United States had a limited need for pest 
management interventions (Fernandez-Cornejo and Jans 1999). Introduction of the 
soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae) to North America has 
resulted in an insect pest of economic importance for soybean. First discovered in July 
2000 in Wisconsin and adjoining states, A. glycines is currently distributed in 21 of the 
United States and parts of Canada (Venette and Ragsdale 2004). Aphis glycines was first 
reported in Iowa in 2000 and by 2003 it was found in every county within the state. In 
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2003, over 1.6 million hectares were treated with insecticides to control A. glycines 
populations that reached several thousand per plant (Pilcher and Rice 2005). Yield 
reductions have exceeded 50% in grower strip trials and an average 14% yield loss has 
been reported in Iowa (Johnson and O'Neal 2005) when populations exceeded an 
economic threshold of 250 aphids per plant (Rice et al. 2005). 
In Asia, A.glycines is kept below economically important levels by an array of 
natural enemies (Liu et al. 2004). In North America, Rutledge et al. (2004) found that A. 
glycines is attacked by more than 30 species of predators, eight species of parasitoids and 
several species of fungal pathogens. In addition, Fox et al. (2004 and 2005) found that by 
excluding predators, A. glycines populations increased, yet when predators had access to 
A. glycines, populations remained relatively low. Despite the evidence for biological 
control of A. glycines in the United States, soybean aphid outbreaks continue to occur 
across much of the north central region, resulting in significant increases in insecticide 
use (O'Neal 2005). For example, following an outbreak in 2003, most of Iowa 
experienced sub-economic populations of soybean aphids in 2004 with a significant 
reduction in insecticide usage in soybean (O'Neal 2006). Aphis glycines populations in 
2005 returned to economic levels, and insecticides were applied on nearly one million 
hectares (O'Neal 2006). Although there is evidence for biological control of A. glycines 
within the United States, it has not shown to be effective in every year. Management of 
the within-field habitat may improve the effectiveness of biological control and lead to 
more consistent suppression of A. glycines. 
In addition to determining if biological control of A glycines occurs in Iowa, our 
main hypothesis is whether a living mulch, as a form of habitat management, increases 
52 
the abundance and diversity of the current natural enemy community, which in turn may 
cascade into greater biological control of the soybean aphid. One form of habitat 
management used to increase the abundance and diversity of insect natural enemy 
communities is the use of a cover crop, or a living mulch (Costello and Altieri 1995, 
Hartwig and Ammon 2002, and Remund et al. 1992). Unlike a typical cover crop that is 
killed early in the growing season, a living mulch grows concurrently with the crop 
during the entire season. O'Neal et al. (2005) reported increases in activity of ground 
beetles (Carabidae) when conventionally grown soybean were planted in leguminous 
living mulches with an accompanying increase in sentinel prey removal. Although 
O'Neal et al. (2005) focused on the edaphic community of generalist predators, Weiser et 
al. (2003) demonstrated that conserving natural enemies within alfalfa can contribute to 
the management of aboveground insect herbivores. To what extent an increase in the 
current community of aphidophagous natural enemies in Iowa would occur with this 
practice is not clear. Comprised of mostly generalist predators (Bechinski and Pedigo 
1981), the natural enemy community in soybean may not be sufficiently responsive to A. 
glycines to reduce their establishment and population growth. 
For this study, our objective was to determine if natural enemies delay A. glycines 
establishment and limit subsequent population growth in Iowa. In addition, we wanted to 
determine if biological control could be improved through habitat management. 
Specifically, we hypothesized that an alfalfa living mulch would increase the abundance 
and diversity of the aphidophagous community in soybean and that such an enhancement 
would suppress A. glycines establishment and population growth. 
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Methods and Materials 
Field Site 
We conducted our study at the Iowa State University Agricultural Engineering 
Research Center in Boone Co., Iowa. The predominant soil series at the field site is 
Canisteo silty clay loam (fine-loamy, mixed, superactive, calcareous, mesic typic 
endoaquolls). The experimental site was sown to spring triticale (Triticale hexaploide 
Lart.) and alfalfa (Medicago sativa L.) on 24 March 2004. Triticale was harvested (grain 
and straw) on 15 July 2004. The interseeded alfalfa was cut and removed with the 
triticale stubble on 16 July 2004. Another alfalfa harvest occurred on 1 September 2004. 
Post-harvest alfalfa stand density was 200 plants m"2. 
In the spring of 2005, we established replicated plots of soybean grown alone 
(referred throughout as the control treatment) or planted in alfalfa managed as a living 
mulch (referred throughout as the living mulch treatment). To establish the control 
treatment, alfalfa was removed with herbicides in the spring using a broadcast spray of 
0.9 1/ha of Roundup WeatherMax (Glyphosate) and 0.9 1/ha of Dual II Magnum (S-
metolachlor) applied on 15 April. Additional spot herbicide applications and hand 
weeding maintained these plots weed-free during the remainder of the growing season. 
Other than the herbicides applied to the living mulch treatment (described below), there 
were no other pesticides applied to the living mulch or control treatments. 
Living Mulch Management. Managing the living mulch treatment consisted of planting 
roundup-ready soybean within rows in which the herbicide was applied (0.25 m wide, 
centered over the soybean row). On 15 April, herbicide was used to band the future 
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soybean row in alfalfa. Soybean (Asgrow Brand 'AG2107') were planted at a rate of 
445,000 seeds ha 1 in 0.76 m rows on 9 May. To reduce competition between the 
remaining alfalfa and soybean, mechanical control occurred on 2 June using a rolling 
stalk chopper to suppress alfalfa in the interrow. The alfalfa interrows were allowed to 
grow 25-30 cm in height before chopping occurred. This mechanical control was 
conducted using a Buffalo rolling stalk chopper (Fleischer Manufacturing Inc., 
Columbus, NE) configured to affect only the interrow area. Cut alfalfa was 4-8 cm in 
height. On 20 June, a second herbicide band using glyphosate was applied over the 
soybean row. The final chopping of the alfalfa interrow occurred on 6 July. 
Impact of habitat management on A glycines and natural enemy abundance. Using 
alfalfa as a living mulch, we tested the hypothesis that a form of habitat management (a 
living mulch) would increase the abundance and diversity of natural enemies and reduce 
the abundance of A. glycines in soybean. Using the methods described above, we 
established eight plots (30.5 m x 27.4 m) in a randomized complete block design with 
treatments designated as a control or living mulch (Fig. 1). Treatments were randomly 
assigned in each block. 
We monitored soybean for A glycines every 3-7 d, beginning on 17 June when 
plants were at an early vegetative stage (V4, four fully developed trifoliolate leaf nodes; 
Pedersen 2004) and continued through 1 September during leaf senescence (R7; Pedersen 
2004). On each sampling date, a location within a plot was selected at random and the 
total number of apterous (adults and nymphs) and alate A glycines were recorded on a 
subset of plants. Initially, 20 plants per plot were sampled, however on 15 July when 50% 
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of soybean were infested with A. glycines, the number of plants per plot was reduced to 
10. Finally on 25 July when all plants (100%) were infested, sampling decreased to five 
plants per plot. 
We measured the diversity and abundance of aphidophagous natural enemies on a 
weekly basis using a sweep-net beginning 17 June and continued through 1 September (n 
= 8). After randomly selecting a row, contents from 20 pendulum sweeps per plot were 
bagged and stored at -20° C until insect specimens could be sorted. All natural enemies 
collected were sorted and identified to at least the family level except for members of 
Coccinellidae, which were identified to species. Both adult and immature stages of 
natural enemies were counted and voucher specimens were deposited in the Iowa State 
Insect Collection at Iowa State University, Ames, IA. 
Data Analysis. We employed analysis of variance (ANOVA) to determine if the 
presence of a living mulch affected the abundance of A. glycines and their natural 
enemies from 17 June to 1 September. We calculated an average number of aphids (all 
stages were conted) per plant. This average was square-root transformed to meet the 
assumptions of ANOVA (Sokal and Rohlf 1995). To determine if the presence of a living 
mulch had an effect on the abundance of natural enemies on soybean, we calculated a 
mean for each aphidophagous natural enemy collected with a sweep-net for each plot. We 
also calculated a mean to represent the entire aphidophagous natural enemy community 
that included only the aphid-predaceous life-stages of the species collected. This 
estimate, referred to as the total natural enemy community was square-root transformed 
to reduce heteroscedascity and meet the assumptions of ANOVA (Sokal and Rohlf 1995). 
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We determined if the presence of a living mulch affected the abundance of A. glycines 
and their natural enemies (PROC GLM, SAS Institute 2002). 
To visualize how the community of aphidophagous natural enemies responded to 
the control and living mulch treatments, we performed a principal components analysis 
(PCA) using R statistical software (R Development Core Team 2005). We analyzed the 
covariance matrix using count data to determine the varlowance of a species and the 
degree to which species are correlated. Three analyses were performed; when 0-10, 11-
95, and 100% of plants were infested with A. glycines. Dates corresponding to these three 
levels of A. glycines infestation are, 26 May -11 July, 15-29 July, and 31 July -31 
August. 
Natural Enemy Exclusion Study 
Within the plots established for the previous experiment we tested the hypothesis 
that the impact of natural enemies on A. glycines differs between the control and living 
mulch treatments. To estimate this impact we used cages designed to exclude natural 
enemies from a single soybean plant. In both control and living mulch treatments four 
plants per plot were artificially infested with 10 A. glycines (2 caged and 2 uncaged). For 
simplicity we will refer to the treatments as: LMC - living mulch caged, LMU - living 
mulch uncaged, CC - control caged and CU - control uncaged. Plants were at least 1 m 
from the plot edges and from other caged plants. This arrangement was used in all plots 
for a total of 16 caged and 16 uncaged plants (Fig. 1). In order to exclude natural 
enemies, plants were caged using a tomato cage (0.4 m diameter by 1 m tall). A fine-
mesh, white no-see-um netting (Balson-Hercules, New York, NY) was sewn to fit the 
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tomato cage, whereas, uncaged plants received no cage or netting. To properly fix the 
cage around the infested plant, four plants on both sides of the infested plant were 
destroyed. To mimic the caged growing conditions as much as possible and to prevent 
trivial movement, adjacent soybean were removed from uncaged plants that were 
artificially infested. Cages were supported with two metal electric fence posts tied to the 
tomato cage. At soil line, a trench was dug around the cage and the bottom of the no-see-
um netting was buried 4 to 5 cm below the soil surface. Finally, natural enemies were 
removed within the cage and repeated during each sampling period as needed. 
This experiment was conducted twice during the growing season to reflect the 
impact of natural enemies before and after populations of A. glycines successfully 
established in soybean. These periods corresponded to mid-June (0% of soybean plants 
infested) and mid-July (-30% of soybean plants infested). Prior to artificially infesting 
soybean for the first experiment, we scouted 20 plants per plot and no A. glycines were 
discovered. On 16 June four plants per plot were infested with 10 A. glycines. When this 
experiment was repeated on 11 July different plants for both the caged and uncaged 
plants were randomly selected. For the first experiment our source of A. glycines came 
from a colony maintained at the Soybean Entomology Laboratory at Iowa State 
University. This colony was developed from A. glycines captured in a soybean field in 
Story Co., IA in August 2004 and maintained on vegetative stage soybean in a growth 
chamber until June 2005. However, A. glycines used in the second experiment were from 
a naturally infested soybean field within 10 miles of the research site. 
The number of A. glycines (all life stages) on each artificially infested plant were 
counted every 72 - 96 h. For the first experiment, cages were removed on 30 June, and 
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sampling continued on the same schedule until 11 July. Sampling continued after cage 
removal to observe the top down effect of predators. In the second experiment, cages 
were removed on 26 July, and sampling continued until 17 August. On each sample date 
a thorough inspection for natural enemies was conducted and all were removed from 
caged plants. 
Data Analysis. To compare the impact of each treatment factor to A. glycines density 
over time, we estimated the intrinsic rate of increase (r) of soybean aphid populations for 
aphids on all caged and uncaged plants from the control and living mulch treatments. We 
estimated slopes of the natural log (In) aphid densities per plant over time and calculated 
averages of these slopes for each treatment. Cages were removed half-way through both 
natural enemy exclusion studies, therefore two slopes were calculated for each study, 
once when plants were caged and a second when cages were removed for a total of four 
exper imen ta l  pe r iods .  Da tes  co r respond ing  to  the  four  pe r iods  a re  17 -30  June ,  1 -11  
July, 15-25 July, and 27 July - 17 Aug. Our data did not meet the assumptions of 
ANOVA, including a non-normal distribution of slopes, therefore we used a 
nonparametric test (the Wilcoxon two-sample tests with exact test for analysis [SAS 
Institute 2002]) to determine if differences in r occurred across the four treatments. 
Soybean Leaf Nutrient Analysis 
To determine if soybean varied as a host between the treatments for A. glycines 
we measured total leaf nitrogen (N) as an indicator of host plant quality. On 13 and 25 of 
July, 20 leaves per plot were removed and placed in a paper bag. A single leaf from the 
newest fully developed trifoliolate was randomly collected from 20 separate soybean 
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plants. All leaves were dried in a forced-air oven at 70°C until a constant weight was 
achieved. All dried shoot material was ground to pass through a 1-mm sieve and analyzed 
for total N using the Dumas combustion method (AOAC Method 990.03). 
Data Analysis. A students' T-test was used to determine if the N concentration differed 
between the two treatment groups (PROC TTEST, SAS Institute 2002). This analysis was 
performed separately for both dates. 
Results 
Impact of habitat management on soybean aphid and natural enemy abundance 
We observed significant treatment differences in the natural infestation of A. 
glycines between the living mulch and control treatments (F=20.85, 1,3 df, /J<0.0001 ). 
During the growing season A. glycines were found sooner and in greater abundance in the 
control treatment (Fig. 2). Aphis glycines were first observed in the control on 24 June at 
an average of 0.05 aphids per plant (1% of plants infested), whereas, in the living mulch 
treatment A. glycines were not detected until 11 July (16 d later) at an average of 0.15 
aphids per plant (9% of plants infested). On specific dates (18 July and 5, 8, 17, and 25 of 
August) significant treatment effects were reported. Overall, there were always more A. 
glycines in the control than in the living mulch treatment (Fig. 2). 
A total of 989 natural enemies were collected with sweep-nets, indicating a 
significant treatment effect between the control (353 total natural enemies) and living 
mulch treatment (636 total natural enemies). The living mulch treatment had greater 
species richness with 16 species and a total of 21 different categories of natural enemies 
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when species were separated between predacious life stages (i.e. adult and immature), 
whereas only 15 species and a total of 19 different categories of natural enemies when 
species were separated between life stages in the control treatment (Table 1). Nabis spp. 
(Hemiptera: Nabidae) were the most abundant predator in both control and living mulch 
treatments, and along with spiders (Araneae) and Opiliones, these were the only taxa to 
respond positively to the presence of a living mulch. These three taxa comprised 72% of 
the natural enemies collected in the living mulch treatment. In contrast, we found a more 
evenly composed natural enemy community in the control treatment. Although Nabis 
spp. were the most commonly collected natural enemy in the control treatment, they 
comprised only 29% of the total community. In the control treatment we collected more 
(both larva and adult) Harmonia axyridis (Coleoptera: Coccinellidae) and Chrysoperla 
spp. (Neuroptera: Chrysopidae) than in the living mulch treatment, however statistically 
significant differences were only detected for Chrysoperla spp. (Table 1). Throughout the 
growing season more natural enemies were found in the living mulch with significant 
treatment differences occurring on four dates (20 and 27 of June, and the 11 and 29 of 
July; Fig. 3). Although not statistically significant, on 5 August more natural enemies 
were found in the control treatment. This transition occurred at the same time that the 
abundance of A. glycines was nearly 16 times as great in the control (218.4 + 83.4) than 
in the living mulch (13.6 + 1.6) treatments (Fig. 2). 
When 0-10% of plants were infested with A. glycines in control and living mulch 
treatments, the first three principal component axes explained a cumulative 87% (PC1-
76%, PC2-6%, and PC3-5%) of the variance in the data. Axis one was the most 
informative in explaining the variability of Nabis spp. abundance (Fig. 4). Axes one and 
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two explain a slight positive correlation between Araneae and Opiliones, with Araneae 
being more variable than Opiliones (Fig. 4). Hulls based on site scores, indicate that there 
was greater variability in the species composition of natural enemies within the living 
mulch treatments (Fig. 4). 
When 11-95% of plants were infested with A. glycines in control and living mulch 
treatments, the first three principal component axes explained a cumulative 82% (PC1-
49%, PC2-20%, and PC3-13%) of the variance in the data. Axes one and two are the 
most informative explaining the variability of Nabis spp., and Araneae, in addition to 
explaining a positive correlation between Araneae, Opiliones, syrphids, and adult O. 
insidiosus (Fig. 5). Again, hulls indicate that the living mulch treatment had a more 
variable species composition of natural enemies (Fig. 5). 
When 100% of plants were infested with A. glycines in control and living mulch 
treatments, the first three principal component axes explained a cumulative 81% (PC1-
63, PC2-12, and PC3-6%) of the variance in the data. Axes one and two were the most 
informative in explaining the distribution of the natural enemy community composition 
among sites (Fig. 6). Unlike (Figs. 4 and 5) where the control treatment is nested within 
the living mulch treatemts; in (Fig. 6) a separation occurs in the natural enemy 
community composition between the control and living mulch treatments. Axis one was 
the most informative in explaining the variability of Nabis spp. abundance, and again 
indicating a positive correlation with Araneae and Opiliones (Fig. 6). Axis two indicates 
that Chrysoperla spp. were the second most variable, in addition to being somewhat 
positively correlated with Chrysoperla spp., Harmonia axyridis and syrphids (Fig. 6). It 
also appears that Chrysoperla spp. and Harmonia axyridis are positively correlated with 
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A. glycines abundance. Hulls indicate that the living mulch and control treatments both 
have variable species composition of natural enemies (Fig. 6). 
Natural Enemy Exclusion Study 
Experiment one. In plots established for the previous experiment we observed fewer A. 
glycines and more natural enemies in the living mulch than in the control treatment. To 
determine if natural enemies were responsible for the difference in A. glycines between 
these treatments we employed cages designed to exclude natural enemies from artificially 
infested plants. Our first natural enemy exclusion experiment was conducted before the 
natural A. glycines infestation occurred. The growth rate of A. glycines was significantly 
greater on caged plants (COCU, LMOLMU); in addition, aphid populations grew 
faster in the control plots than in living mulch treatments (CC > LMC). Although aphid 
populations decreased in the caged treatments (CC and LMC) once cages were removed 
only aphid populations in the CC decreased significantly from the other treatments (Fig. 
7). 
Although we observed a greater density of natural enemies in the living mulch 
treatment (Fig. 3) we did not see a difference in A. glycines abundance between the 
control and living mulch when natural enemies had access to the aphids (LMU = CU; 
Fig. 7). These results suggest that the natural enemy community in control plots was 
sufficient to suppress A. glycines population growth. What differences there were 
between the control and living mulch treatments were only revealed when aphids were 
caged, suggesting that aphid growth on soybean grown with alfalfa was reduced 
compared to soybean grown alone. 
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Experiment two. Our second natural enemy exclusion experiment was conducted after 
A. glycines had infested our study site. In this second experiment, as in the first 
experiment, A. glycines growth rates were greater when natural enemies were excluded 
(CC > CU, LMC > LMU; Fig. 7). However, A. glycines growth rates did not significantly 
differ amongst the LMC, CU, and LMU treatments. Once cages were removed there was 
a significant decline in population growth within the CC treatment. Although numerically 
similar to the CC treatment, the amount of variation within the LMC treatment prevents 
us from declaring it significantly different from the other treatments. Interestingly, only 
during the final period of the caged studies (2b in Fig. 7) did we see a significant 
difference in aphid population growth in the uncaged treatments (CU > LMU). Only 
within this second experiment did we see evidence that the increased abundance of 
natural enemies due to the presence of the living mulch (our conservation technique) 
produce a decrease in aphid population growth. 
Soybean Leaf Nutrient Analysis 
There was evidence of competition between soybean and the living mulch 
compared to soybean in the control treatment. Soybean planted in alfalfa were shorter 
compared to soybean planted alone (N.P.S., unpublished data). In addition, A. glycines 
populations grown in the control treatment had higher populations than the living mulch 
treatment. This led us to consider the quality of soybean as a host for A glycines, 
specifically N content. We found significant differences on 13 July (Z=4.27, 6 df, 
P=0.005) and on 25 July (t=2.67, 6 df, f=0.037) in total N concentration between control 
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and living mulch treatments. At both sampling periods we measured a greater 
concentration of N in soybean leaves taken from plants grown without a living mulch 
Discussion 
Our results suggest that the natural enemy community in Iowa is capable of 
delaying A. glycines establishment and limiting subsequent A glycines population 
growth. The results supported our hypothesis that a living mulch would increase natural 
enemies (Fig. 3), and in turn lower A glycines abundance as compared to conventional 
soybean plots (Fig. 2). However, the impact of this natural enemy community in the 
control plots was sufficient to prevent significant A glycines growth until August. 
Comparison of A. glycines on caged and uncaged plants within the larger experiment 
support the inference that natural enemies were responsible for this difference. We 
consistently observed greater A. glycines abundance on caged versus uncaged soybean. 
The lower abundance of naturally occurring populations of A. glycines in living mulch 
plots and those on artificially infested uncaged plants both suggest that natural enemies 
contributed to the suppression of A glycines establishment and population growth in 
Iowa. 
Despite the impact of insect predators on A. glycines, additional factors may have 
contributed to this top-down suppression of A. glycines populations. The comparison 
between caged plants in control and living mulch treatments revealed that A. glycines did 
not reproduce as well on soybean grown with an alfalfa living mulch. Given the smaller 
size and lower N concentration of the soybean grown with an alfalfa living mulch, it is 
likely that these plants were a poor host for A glycines. The availability of N within a 
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plant has been shown to be responsible for many cases of aphid reproductive success on 
host plants (Dixon 1998). This bottom-up regulation of A glycines likely influenced the 
difference in A. glycines abundance observed in our study. Based on this interaction 
between these two potential population suppressive factors, we suggest that soybean 
varieties that merely retard A. glycines reproduction may contribute to lowering the 
carrying capacity of aphids below the economic injury level. It is likely that biological 
control of A glycines may become more consistent when A. glycines resistant soybean 
are made available to growers. Our experience suggests that even partial resistance that 
slows but does not prevent A glycines reproduction could be significant for limiting 
economic outbreaks. Such a multitrophic interaction between host plant resistance and 
natural enemies has been suggested for managing Schizaphis graminum (Hemiptera: 
Aphididae) on sorghum (Dogramaci et al. 2005). 
It should be noted that throughout the duration of our study we only collected two 
parasitized A glycines, therefore the contribution of natural enemies to A glycines 
suppression was solely due to insect predators. Overall, we collected more predators in 
the living mulch treatment on every sampling date until 5 August, excluding 25 July 
when we collected very few in either treatment presumably due to wet conditions from a 
heavy rain the night before (N.P.S., unpublished data). August 5 correlates with an 
increase in A glycines populations in both treatments. Once A glycines populations 
reached >100 per plant we collected significantly more H. axyridis than collected before 
5 August. Furthermore, the density of H. axyridis at our research site was highest in 
August when A glycines populations were also at their peak, with > 70% more H. 
axyridis collected in the control than living mulch treatment. Harmonia axyridis is 
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considered a significant A. glycines predator (Van Den Berg et al. 1997). Apparently, H. 
axyridis was not necessary for A. glycines suppression in the living mulch treatment 
(Table 1). The majority of the predators collected in the living mulch treatments before 
August have a fairly broad host range (Nabis spp., Araneae, and Opiliones) that may 
include A. glycines. In no-choice feeding trials, Nabis spp. adults reduced A. glycines 
numbers by 77% (Rutledge et al. 2004). In addition, Opiliones have been identified as 
preying upon A. glycines (Allard and Yeargan 2005). Our results are consistent with Fox 
et al. (2005) and Coastamagna and Landis (2006), and suggest that the community of 
generalist predators present before the arrival of A. glycines are important to delay their 
establishment. 
An economic threshold for A glycines has been set at 250 aphids per plant (Rice 
et al. 2005, Hodgson et al. 2004). In our case, increasing the abundance of natural 
enemies through the addition of a living mulch resulted in sub-economic A. glycines 
populations. Living mulches have been employed in annual crop production with limited 
competition to the main crop (Affeldt et al. 2004). We found evidence for significant 
competition between soybean and alfalfa, resulting in a yield reduction of approximately 
26% (N.P.S., unpublished data). Within this limited test of a living mulch, the yield 
protection that would come from suppressing A. glycines outbreaks would not have been 
cost effective. However, additional benefits of a living mulch should be considered. For 
example we observed fewer bean leaf beetles (Ceratoma trifurcate) within the living 
mulch than control plots (N.P.S., unpublished data). Both C. trifurcate and A. glycines are 
vectors for soybean diseases that reduce yield and seed quality. Whether the use of a 
living mulch could improve seed quality is not clear. In summary we did not address the 
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question of whether a living mulch could be used successfully for soybean production. It 
is likely that production techniques that we employed would have varied had this been 
our goal. We selected a management plan for suppression of the living mulch that would 
maintain as much of an alfalfa stand for as long as possible to result in an impact on the 
insect community. To optimize soybean production the type of living mulch used and the 
method and timing of mulch suppression would be altered. How such changes would 
affect the pest-management benefits of a living mulch is not clear. We have investigated 
other living mulch options (Prasifka et al. 2006); however, further research into the 
optimal use of a living mulch for a corn-soybean rotation is required. 
Although one of our objectives was to determine if a living mulch could increase 
natural enemy abundance, we also made observations related to mechanisms that may 
have contributed to this increase. In addition to taking A. glycines counts on soybean, we 
also monitored the alfalfa for potential alternative prey for predators. We only observed 
potato leafhoppers, Empoasca fabae (Harris) (Hemiptera: Cicadellidae) in June, however, 
the alfalfa living mulch was chopped on 6 July, which may have limited the development 
of a resident leafhopper population. By mid-July, after the alfalfa had regrown, we 
observed green peach aphids, Myzuspersicae (Sulzer) in low numbers (two aphids per 
plant) and cowpea aphids, Aphis craccivora Koch in moderately high numbers (55 aphids 
per plant). 
Since the introduction of A. glycines to the United States, it appears that aphid 
densities greatly vary between years. In 2004, test plots reported very low densities of A. 
glycines in Iowa (<65 aphids per plant; N.P.S. unpublished data), compared to 2005 
where test plots reported relatively high densities of aphids (71-740 aphids per plant; 
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N.P.S. unpublished data). In addition, it appears that Iowa has a relatively static natural 
enemy community, when comparing 2004 to 2005 (N.P.S. unpublished data). In this 
context, our results indicate that in two separate trials in 2005, excluding natural enemies 
created an order of magnitude difference in A. glycines populations from a common 
initial density in less than two weeks. This clearly demonstrates that natural enemies play 
an important role in suppressing A. glycines under the conditions tested. 
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Table 1. Natural enemy community" in soybean grown with and without an alfalfa 
living mulch 
Soybean with living mulch Soybean alone 
Species Seasonal totalsbc Seasonal totalsbc 
Nobis spp. 275 104 
Araneae 115 ** 22 
Opiliones 70 * 21 
Syrphidae 38 37 
Harmonia axyridis 21 50 
Podisus maculiventris nymphs 21 13 
Orius insidious 20 13 
Parasitic wasps 20 12 
Podisus maculiventris 12 6 
Chrysoperla spp. larvae 10 8 
Chrysoperla spp. 9 40 * 
Coccinella septempunctata 8 2 
Hippodamia parenthesis 4 1 
Coleomegilla maculata 3 2 
Hippodamia corner gens larvae 2 2 
Orius insidious nymphs 2 1 
Coccinella septempunctata larvae 2 -
Cycloneda munda 1 6 
Anatis quindecimpunctata 1 -
Hippodamia convergens 1 -
Hemerobius spp. larvae 1 -
Harmonia axyridis larvae 0 12 
Hemerobius spp. 0 1 
Grand total 636 * 353 
Species Richness 16 15 
"Natural enemies collected with a sweep-net 
6 Seasonal totals are samples taken from 4 replicates of the two treatments 
c Significant treatment differences are represented by (*, f<0.05 and **, f<0.01, 1,3 df) 
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Figure Legends 
Figure 1. Schematic diagram of experimental plots used to compare soybean aphid 
establishment and population growth in soybean grown with (shaded) and without 
(empty) an alfalfa living mulch. Plots were 30.5 m x 27.4 m and separated by a 3 m 
mowed row. 
Figure 2. Mean natural Aphis glycines infestation in soybean growing alone or in an 
alfalfa living mulch. Significant differences between the two treatments are represented 
by'*'(l,3df,f<0.05). 
Figure 3. Mean total natural enemies collected with sweep-net in soybean growing alone 
or in an alfalfa living mulch. Significant differences between the two treatments are 
represented by (1,3 df, f<0.05). 
Figure 4. Principle component analysis of natural enemy community in control and living 
mulch treatments when 0-10% of plants infested with Aphis glycines (26 May -11 July). 
Hulls represent the natural enemy community collected in control and living mulch 
treatments. 
Figure 5. Principle component analysis of natural enemy community in control and living 
mulch treatments when 11-95% of plants infested with Aphis glycines (15-29 July). 
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Hulls represent the natural enemy community collected in control and living mulch 
treatments. 
Figure 6. Principle component analysis of natural enemy community in control and living 
mulch treatments when 100% of plants infested with Aphis glycines (31 July -31 
August). Hulls represent the natural enemy community collected in control and living 
mulch treatments. 
Figure 7. Mean slope of Aphis glycines growth during two natural enemy exclusion 
studies, la) both caged and uncaged plants 17 - 30 June, lb) cages removed 1-11 July, 
2a) new caged and uncaged plants 15-25 July, 2b) cages removed 27 July - 17 Aug. 
Significant treatment differences from Wilcoxon two-sample test for each experimental 
period are represented with letters. 
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Chapter 4 
General Conclusions 
Chapter two: 
• When all predaceous arthropods are combined across destructive, field-counts, 
sweep-net, yellow-sticky cards, and pitfall traps nine orders were identified, 
comprised of 25 families and 51 species. 
• In the last 30 years Iowa has lost two native coccinellid species, Coccinella 
transversoguttata, and Hyperaspis undulata, in addition to gaining three invasive 
species, Aphis glycines, Harmonia axyridis, and Coccinella septempunctata. 
• When all foliar-based sampling methods are combined the natural enemy 
community is comprised of four aphidophagous taxa; Toxomerus spp., Harmonia 
axyridis, Orius insidiosus, and Chrysoperla spp., accounting for 96.4% in 2004 
and 94.4% in 2005 of the total captured. 
• The most precise sampling method for adult 0. insidiosus was field-counts, in 
contrast the most precise method for nymph O. insidiosus was destructive counts. 
• The most precise method for sampling H. axyrids adults and all native 
coccinellids was yellow sticky cards, followed by sweep-net samples. 
Chapter three: 
• An alfalfa living mulch in Iowa did increase the abundance of aphidophagous 
natural enemies, which delayed A. glycines establishment and population growth. 
• Soybean grown in the alfalfa living mulch were deficient in nitrogen, which also 
resulted in a bottom up effect in suppressing A. glycines. 
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• There was evidence for significant competition between soybean and alfalfa, 
resulting in a yield reduction of approximately 26% in soybean. 
• However, fewer bean leaf beetles (Ceratoma trifurcata) were collected within the 
living mulch than control plots. 
What does all this mean? 
We now have an understanding which natural enemies are present in Iowa 
soybean and by graphing their phenologies with A. glycines, we can hopefully determine 
which are most important. Harmonia axyridis responds well to A. glycines, but typically 
aphid populations are too high and exceed the current threshold of 250 aphids per plant. 
With the addition of an alfalfa living mulch, general!st predators inhabited soybean in 
early June and maintained populations throughout the summer. Our data suggest that 
these aphidophagous predators provided the top down control that maintained A. glycines 
at low populations. However, more research is needed to determine which natural 
enemies are most important for regulating A. glycines. From the sampling data, protocols 
can be developed based on cost and precision for sampling natural enemies. The ultimate 
goal is to predict the abundance of A. glycines based on the density of one or more natural 
enemies, however, more research is needed in this area. We used an alfalfa living mulch 
as a form of conservation biological control and did observe promising results with a 
decrease in A. glycines populations, however, the 26% yield reduction was significant, 
therefore, other methods of conservation biological control need to be investigated. 
86 
Acknowledgments 
Most importantly, I would like to thank my family, parents Pat and Joyce and 
sisters Trich and Beth, for everything they've done for me; without them I wouldn't be 
where I am today. They have always encouraged me to be the best in everything I've 
done and most importantly, taught me to never give up. I must also thank by girlfriend, 
Nina for believing in. Together we've tackled the M.S. degree and God willing in another 
four years or so we'll do the unexpected and get a Ph.d. 
I 'm  a l so  g rea t ly  indeb ted  to  Dr .  Mat thew O 'Nea l  fo r  be l i ev ing  in  me  and  a l lowing  
me to come to Iowa State University. Matt is the best major professor and friend a grad 
student could ask for. He constantly challenges me with a bigger and better research 
project, and with every great challenge there comes a hilarious youtube video and when 
I'm really really good a burrito. 
My committee has also been excellent for brainstorming new ideas and providing 
guidance with my research. Dr. Rice's meticulous expectations and Dr. Singer's vast 
knowledge of conservation have proven to be invaluable resources. 
Summer research in Iowa isn't always enjoyable. There's the occasional day or 
weeks for that matter, where the heat index soars over 100° F and the humidity is so high 
breathing becomes difficult. Yet, the following undergrads and summer interns assisted 
me day after day; Theresa Horton, Chad Johnson, Edward Mauch, Paul O'Neal, Scott 
Kostohryz, Amanda Nodelman, Pankaj Makhija and Greg VonNostrand. 
